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NATIONAL ADVISORY  COMMIlTEE FOR AERONAUTICS 

RESEARCH MEMORANDZM 

LOW-SPEED LONGITUD- AERODYNAMIC CHARACTERISTICS OF A 

4 5 O  SWEPTBACK WING WITH DOUBLE SLOTT'ED FLAPS 

By Rodger L. Naeseth' 

SUMMARY 

A low-speed investigation  has been made t o  determine  the  effect of 
double slotted Claps consisting of a 0.213-wing-chord main f l ap  and ei ther  
a 0.500-flap-chord vane or a 0.266-flap-chord vane on the aerodynamic 
characterist ics of a 45O sweptback wing. The f l ap  had a span of 0.35 wing 
semispan with  the  inboard end a t  0.16 semispan. The wing  had an aspect 
r a t i o  of 3.7, a taper   ra t io  of 0.41, symmetrical sections, and an  average 
streamwise thickness  ratio of 0.086. The tes t  Reynolds number w a s  

1.8 X 10 , based on the wing mean aerodynamic chord. 6 

The double s lot ted  f laps  maintained  effectiveness t o  high  flap- 
deflection  angles and, a t  an angle of attack of Oo, produced l i f t -  
coefficient increments  of 0.67 a t  a flap  deflection of 800 for   the  
configuration  with  the 0.500-f lap-chord vane and 0.55 at  a f l ap  def lec- 
t ion of 66O for   the   f lap  with the 0.266-f lap-chord vane. 

The s t a l l  of the two double-slotted-flap  configurations  occurred at 
an angle of attack which was about  one-half the  angle of attack at which 
the  plain wing s ta l led  and resul ted  in  a maximum l i f t  coeff ic ient   for   the 
flapped  configurations which was about 0.15 higher  than  the maximum lift 
coefficient of  1.02 attained by the  plain wing. The maximum l i f t  coeffi- 
cients of the  double-slotted-flap  configurations were about the same. 

For compasison w i t h  the double s lot ted  f laps ,   e i ther  or both of the 
s lo t s   in   the   f laps  were blocked and faked,  thus  simulating  single  slotted 
flaps  or extended  plagn  flaps. The results  indicated  that, a t  moderate 
flap  deflections and angles of attack,  blocking  the  slots  increased  the 
lift effectiveness slightly; however, the blocked flaps  lost   effectiveness 
a t  lower flap  deflections  than  the  slotted  flaps  with  the consequence tha t  
the maximum l i f t  obtained was somewhat lower than  the maximum lift obtained 
for   the double slotted  f laps.  
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INTRODIETION 
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An investigation is  being made  by the  National Advlsory Committee 
for  Aeronautics t o  study  the  characteristics of various  high-lift  devices 
on a full-scale 45O sweptback wing. One-fifth  scale  tests of the double- 
slotted-flap  designs proposed for t e s t s  at full scale were made in the 
Langley 300 MPH 7- by 10-foot  tunnel t o  determine  the  effect of the  flaps 
on the  longitudinal aerodynamic characteristics of the sweptback w i n g .  
The  wing had a.n aspect  ratio of 3.7, symmetrical sections, a taper r a t i o  
of 0.41, and an average streamwise thickness  ratio of 0.086. 

Ln order  that the design of the double slotted  f laps developed i n  
the  small-scale  tests can  be used i n  the  full-scale  tests,   the same span 
of f lap (0.35 semispan) and the same forward limZt of space for  retrac- 
t ion (0.735 wing chord l ine)  were used. Two double-slotted-flap  config- 
urations were used. For one, a r a t i o  of vane chord to   f l ap  chord of 
one-half was chosen  because it was shown t o  be optimm i n  a summasy of 
existing two-dimensional, data  (ref. 1). The flap, rearward of the vane, 
was 0.213 wing chord, For the  other  design, a  smaller  vme (0.266 f lap 
chord),  fixed  to  the  flap, was  chosen  because it would require a less 
complicated retracting mechanism. 

For comparison with  the  double-slotted-flap  characteristics,  the 
characteristics of a single-slotted-flap arrangement and an extended 
plain  f lap were obtained. The single.   slotted  f lap was simulated by 
blocking either of the  slots,  and the extended plain  f lap by blocking 
both slots.  

The forces and moments measured on the wing are  presented about the 
wind axes which, for  the  conditions of these  tests  (zero  sideslip), 
correspond to   t he   s t ab i l i t y  axes. !&e pitching-moment data  are measured 
about the  origin of axes  as shown i n  figure 1 which corresponds to   the 
25-percent-chord s ta t ion of %he m e a n  aerodynamic chord. The lift, drag, 
and pitchirig-moment data presented  herein  represent  the aerodynamic 
effects of deflection of the  flaps in the same direction on both semi- 
spans of the complete wing. 

CL l i f t  coefficient , FdqS 

increment of lift coefficient 

CD drag  coefficient,  Q/qS 
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pitching-moment coefficient, Myw/qSE 

twice lift of  semispan  model, lb 

twice  drag of  semispan  model, l b  

twice  pitching moment of semispan model  measured about 
O.25E, f t / l b  

free-stream dynamic pressure, pV2/2, lb/sq f t  

twice wing area of  semispan  model, sq f t  

mean aerodynamic chord of wing, ft  

local  chord, f t  

wing span, f t  

free-stream  velocity,  ft/sec 

mass density of a i r ,  slugs/cu f t  

angle of attack of  wing, deg 

f lap  def lect ion  re la t ive  to  wipg chord p l p e ,  measured in a 
plane normal t o  a l ine  swept back 36.77 (positive when 
t r a i l i ng  edge is down), deg 

Subscripts: 

f f l ap  

A normal t o  a l ine  swept back 36.770 

MODEL AND AF'PARATlTs 

The  model-wing geometry is given in figure 1. The  wing w a s  of aspect 
r a t io  3.7 and taper   ra t io  0.41 and  had symmetrical a i r foi l   sect ions.  
Leading-edge sweep  was 47.8' and the wing  had  no geometric dihedral or 
twist. The percent-thfckness r a t i o  of the wing in a streamwise direction 
varied from 8.3 a t  the root  t o  9.0 at the  t ip .  The t e s t  wing was a 
l/?-size model of a wing on which a general  investigation of high-lift 
devices is in progress. The  model wing was derived in the same  manner 
as the  full-scale wing in that   the  sweep  of an  existing wing  was increased 
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and the  plan form w a s  further  altered by reducing  the sweep  of the wing 
t ra i l ing  edge  and fairing  the  sections  to  the  revised  trail ing edge with 
straight  l ines.  The result ing  airfoil   sections at the two spanwise 
stations shown in figure 1 are given in table I. 

The direction i n  which the  f lap ends were cut,  the forward limit 
of space available  for  flap  retraction, 0.735 chord line, and the span 
of flap, 0.16& t o  0.50+, were determined by the  structure of the full- 

scale wing.  The double-slotted  flap arrangement (fig.  2)  consisted of 
a 0.213~ main f lap  in combination with a 0.500cf vane and also  with  a 
0 . 2 6 6 ~ ~  vane (streamwise  values ) . The coordinates of the  f lap ends are 
given in   table  11. Both of these  configurations were capable of being 
retracted  into  the  designated space in   t he  wing. The 0. wOcf  vSae  was 
chosen because it was shown t o  be the optimum i n  a summary of two- 
dimensional results,   (ref.  1); and the 0 . 2 6 6 ~ ~  vane was  the  largest vane 
which could be retracted  into  the  designated space without relative move- 
ment between vane and flap.  St Cyr 156 sections,  reference 2, were used 
for the vanes  because the rounded leading edge of the  section allows 
deflection of the  vane-flap assembly as a unit about  a fixed  pivot through 
a large  angle  range  while  maintaining  a  desirable l i p  and  vane relation- 
ship,  figure 2; also the  sections remain unstalled over  a large  angle- 
of -attack  range. The flap-def  lection  angles were measured in   the plane 
of the  f lap ends, tha t  is, normal t o  a l ine swept 36.77'. 

2 2 

Provision was  made fo r  m i n o r  chauges in the  f lap geometry. The f lap  
and O.5OOcf vane assembly pivot  point could  be moved forward a distance 
of Om024cf,~, down a distance of 00012cf,A, (fig.   3(a)),  or the  f lap 
part  Could be moved forward along i ts  chord plane  relative  to  the vane 
a distance of 0 . 0 6 2 ~ ~ , ~ ,  (fig.  3(b)). The lower surface w i n g  l i p  was 
removable. F i l l e r  blocks of balsa wood were provided t o  block  the s lo t s  
(fig. 4). 

The  wing was aluminum except f o r  the  trailing-edge  modification 
mentioned previously and the  flap,  both of  which  were made of mahogany 
reinforced  with an aluminum plate extending to   the   t ra i l ing  edge. The 
vanes were  machined from aluminum.  The larger of the vanes was supported 
a t  each end, the  smaller vane required  a  center  support in addition  to 
the end supports. 

The semispan-wing  model was  mounted vertically in the Langley 
300 MPE 7- by 10-foot  tunnel. The root chord of' the model was adjacent 
t o  the  ceiling of the  tunnel which served as a reflection  plane. A small 
clearance was maintained between the model and the tunneb ceil ing so tha t  
no par t  of the model came into  contact  with  the  tunnel  structure. In 
order t o  minimize the  effect  of spanwise air flow  over  the model through 
this  clearance  hole, a  1/16-inch-thick  metal end plate, which projected 
about 1 inch above the wing surface, was attached to   the  root  of the 
model. 
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TESTS AND COF3EZTIONS 

Description of Tests 

Data were obtained  through an angle-of-attack  range of -6' t o  26O 
f o r  a l l   codigura t ions  and tne  flap-deflection  range extended t o  80.4O. 
m e  configurations  tested a;nd flap-deflection  ranges  are summarized in 
table 111. 

The t e s t s  were performed a t  89 average dynamic pressure of approx- 
imately 25.4 pounds per square  foot, which corresponds t o  a Mach  number 
of  0.13  and a Reynolds number  of 1.8 x 10 based on the w l n g  mean 
aerodynamic chord. 

6 

Corrections 

Jet-boundary corrections, determined by the method presented in 
reference 3 have been applied t o  the  angle-of-attack and the  drag  coef- 
ficient  values. Blocking corrections, t o  account for  the  constriction 
effects of the model and its wake have also been applied t o  the   t es t  
data. The blocking  corrections were  computed  by the method  of reference 4. 

RESULTS AND DISCUSSION 

Presentation of Results 

The l i f t ,  drag, and pitching-moment characteristics  are  presented 
f o r  the wing  and f lap  with  the O.5OOcf vane in figures 5 t o  9 and for  
the wing  and flap  with  the 0.266c-f vane in figures  10  to 13. Character- 
i s t i c s  of the  plain wing are  included in each figure.  Figures 14 t o  17 
are summaries of the lift increment for   the range of flap  deflections 
tested and are given for  angles of attack of Oo, hO, and loo. 

L i f t  Characteristics 

Plain wing.-  Plain-wing results show a  lift-curve  slope of 0.053 
a t  a = Oo. The lift-curve  slope  begins t o  increase at CL = 0.30 and 
appears typical of swept wings havkg leading-edge-separation-vortex- 
" p e  flow. The m a x i m u m  l i f t  coefficient was  1.02 and was obtained a t  
a n .  angle of attack of 24'. 
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Flap  with 0.500cf vane.- The results f o r   t h e  wing with  double 
slotted  f laps  with the O.5OOcf vane, figure 5 ,  indicated a lift coeffi- 
c ien t  increment a t  a = Oo of 0.67 obtained  with 6f = 80.4O; however the  
stall  of the  flapped wing occurred at about 12O angle of attack, much lower 
than  the  plain wing which had maximum CL at a = 24O, and resulted, 
therefore, i n  a maximum l i f t  coefficient for % b e  flapped  configuration 
which was  about 0 .l5 higher than the IUaximum l i f t  coefficient of 1.02 
attained by the   p la in  wing. 

For comparison with  the  double  slotted  f lap  the  characterist ics of 
a s ingle   s lo t ted   f lap  and extended p l a in   f l ap  were obtained. The single 
s lo t ted   f lap  w a s  simulated by blockirig e i ther  of t he   s lo t s  and the  
extended p l a in   f l ap  by blocking  both  slots. The resul ts ,  figures 6 t o  
8, show a similar var ia t ion of lift coefficient  with  angle of a t tack   for  
these  configurations as compared t o   t h e  double s lot ted  f lap.  When both 
s lo t s  were blocked, f igure 8, the  curves  for 6f = 65.4O and 70.70 show 
a sharp l o s s  in  l i f t  above a = 0'. A similar r e s u l t  occurred w i t h  the  
r e a r   s l o t  blocked (f ig .  6). 

The Fncrements of lift coeff ic ient   for   the double s lot ted  f laps  and 
various  modifications  are compared in   f igures  14 and 15 at  three  angles 
of attack. A t  a = Oo the  double-slotted-flap-lift  increment  increased 
with  deflection  through  the maximum angle  tested, 80.4O, where h c ~  was 
0.67. A t  a = loo this maximum increment had decreased t o  0.38 and was  
obtained  with a f lap   def lec t ion  of 75.6O. Blocking of e i ther  or both 
of the   s lo t s   resu l ted  in an increase  in  b f ! ~  at  the lower f lap  def lec-  
tions; however, e a r l i e r  stall  as the  f lap  def lect ions were increased 
limited  the maximum EL attained by the  f laps   with  e i ther  or both 
s lo t s  blocked t o  values somewhat less  than  those of the double s lo t ted  
flap.  This  difference between the maximum ACL fo r   t he  double s lo t ted  
f l a p  and the  f laps  with one or both s lo t s  blocked w a s  small (generally 
less  -than O.&) throughout  the  angle-of-attack  range  except  that a t  
a = 4' the maxbum NL for   the  f lap  with  both  s lots  blocked w a s  about 
0.08 lower than  the maximum value of EL of the double s lot ted  f lap.  

Some flow  studies were made t o  check the  effectiveness of the   s lo t s  
i n  controll ing  the  f low over the double s lo t ted   f laps  and to  explain  the 
resul t   that   the   f lap  with  s lots  blocked  maintained  effectiveness t o  higher 
deflection  angles  than  expected.  Observation of tufts on the  f lap  indi-  
cated  that  up -bo a = 12. To (the  highest  angle of the tuft t e s t s  ) the 
s lo t s  were effective  in  maintaining smooth flow  over  the  double  slotted 
f lap  to   the  highest   def lect ion  tes ted,  80.4', and tha t  unsteady  flow 
existed on the   f lap   wi th   s lo t s  blocked  over the  angle-of-attack and f lap-  
deflection  ranges  investigated.  Observation of a s ingle   tu f t  on a probe 
indicated  that a vortex-type  flow  existed  over  the  inboard  part of the 
f laps   with  s lots  blocked. The existence of t h i s  flow  offers a possible 
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explanation of the   ab i l i ty  of the  f lap  with  s lots  blocked t o  maintain 
effectiveness t o  high  deflection  angles. 

As  shown i n  figure 15, e i ther  moving the   f l ap  forwazd r e l a t ive   t o  
the vane or  moving the  pivot  point on the wing had only a small effect 
on the lift available. 

Flap and 0 . 2 6 6 ~ ~  vane.- The effects  of the  f lap  with  the 0.266cf 

vane on the  wing characterist ics through the  angle-of-attack'range were 
similar -bo the   effects  of the  larger vane and f lap  ( f ig .  10). L i f t  
increments at a = 0' were less   for   the r small vane configuration  than 
for   the  large vane cocfiguration, however the maximum lift is nearly as 
high. Although the  limited number of deflections  tested do not  define 
the  variation of &L with  6f, it appears that  blocking  either or both 
of the  slots  generally  resulted  in slightly higher maximum ACL than 
for   the  double s lot ted  f lap  a t   the   angles  of a t tack  and deflection  range 
shown in figure 16. 

Increasing  the vane size  (fig.  17) from 0 , 2 6 6 ~ ~   t o   0 . 5 0 0 ~ ~   r e s u l t e d  
i n  greater EL over the  angle-of-attack and deflection  ranges. A t  
a = Oo' the  maximum ACL was 0.67 a t  6p = 80.4O for   the  double s lo t ted  
f l ap  (0. 300cf  vane)  compared with 0.55 at  6f = 66O for   the smaller 
vane and flap. 

Comparison with  theory.- Values of the increment of lift theoret- 
ically  obtainable by a 0.213~ plain  flap  also  are  presented  in  figure 17 
fo r  comparison with  the  experimental  results. These values were  computed 
by use of reference 5 ,  which w a s  modified  with an aspect r a t i o  correction 
to   the  f lap  effect iveness   factor  by the method described in reference 6, 
These values were f o r  streamwise deflections and therefore  the  deflections 
were converted t o  the  corresponding  deflections  parallel  to  the  flap ends 
for  presentation on figure 17. A s  shown in the  figure,  the  values of 
lift increment  obtained  experimentally are lower than  theoretical  values. 
Similar  results  for  the two-dimensional case are shown.in  reference I, 
in  which it is concluded tha t  some form of forced boundary-layer control 
is required  to  obtain or exceed theoretically  obtainable  values. 

Pitching-Moment Characteristics 

Pitching-moment characterist ics of the   p la in  wing, figure 5, indi- 
cated an increasingly  stable  variation of pitching moment w i t h  lift coef- 
f i c i e n t   t o  CL = 0.6. The unstable  break in the  curve  occurred at 
CL = 0.80. The aerodynamic center was  located at  approximately 0.2E 
a t  low angles of attack. The addition of the  double s lo t ted   f lap  
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( 0 . 5 0 0 ~ ~  vane) or i ts  various mocI=ications resulted in a small rearward 
sh i f t  of the aerodynamic center, a delay In the unstable  break of the 
pitching-moment curve t o  CL = 1.0, and, for  example, a t  6f = 5O.-7O a 

Cm, w increment of about -0.13. The pitching-moment resul ts   for   the  f lap 
w i t h  both s lo t s  blocked (fig. 8) were  somewhat irregular as compared t o  
the double s lo t ted   f lap   a t   the  lower deflections; and at  flap  deflections 
of about 6 5 O  and greater,  the marked changes in the lift curves  discussed 
previously had correspondingly  large changes in CmYw(about 0.05 decrease 
in Cm,w . between a = Oo, and a = 2'). A similar  effect i s  shown in 
figure 6 for  the  flap  with  rear s l o t  blocked. 

Generally  the same trends were shown for   the  f lap and small vane 
(figs. 10 t o  13), except  that  the  unstable  break in the pitching-moment- 
coefficient  curve  occurs a t  a lower l i f t  coefficient  than  for  the  flap 
and large vane. 

Wag Characteristics 

Analysis of the lift and drag  data  indicates  that, f o r  lift coeffi- 
cients i n  the range just below stall, a flap  deflection of about 50° 
provides  the  highest  value of lift-drag r a t i o  (about 3.9). Further 
increases i n  flap  deflection  generally  result in a decrease in  lift-drag 
ratio.  Therefore an advantage may be gained by lh i t i ng   t he   f l ap   de f l ec -  
tions. When high drag  coefficients  are  desirable t o  increase  the  glide- 
path  angle o r  when a lower angle of attack is desirable,  higher  angles 
of deflection may be  used. Lift-drag  ratios  for  the  various  flaps showed 
l i t t l e   d i f fe rence   a t   these  high-lift coefficients. 

A low-speed investigation  has been made t o  determine  the  effect of 
double slotted  flaps  consisting of a 0.213-wing-chord main f lap  and 
either a  0.500-flap-chord vane or  a  0.266-flap-chord vane on the  aero- 
dynamic chasacteristics of a 45' sweptback wing.  The  wing had an aspect 
r a t io  of 3.7, a taper ratio of 0.41, and an average  thickness r a t io  
of 0.086. The t e s t  Reynolds number  was 1.8 X 10 , based on the mean 
aerodynamic chord. 

6 

The double slotted  f laps maintained effectiveness  to high f lap 
deflections and, a t  an angle of attack of Oo, produced l if t-coefficient 
increments of 0.67 a t  a flap  deflection of about 80° for  the  f lap w i t h  
0.500-f lap-chord vane and 0.55 a t  a flap  deflection of about 66' f o r  the 
f lap  w i t h  the 0.266-flap-chord vane. The s t a l l  of the two double-slotted- \ 

flap  configurations  occurred a t  an angle of attack which was  about  one-half - 
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the  angle of attack a t  which the  plain wing s ta l led  and resulted in a 
maximum lift coefficient  for  the  flapped  configurations which w a s  about 
0.15 higher  than  the maximum lift coefficient of 1.02 attained by the 
plain wing.  The maximum lift coefficients of the two flapped  configu- 
rations were about the same . 

For comparison with the double s lo t ted   f laps ,   s lo t s  in the   f laps  
were blocked and faired  thus  simulatbg  single  slotted  flaps or extended 
plain  f laps.  The results  indicated  that, a t  moderate flap  deflections 
and angles of attack,  blocking  either or both of the  slots  increased 
the lif't effectiveness slightly; however, the blocked f laps   lost   effec-  
tiveness a t  lower flap  deflections  than  the  slbtted flaps with the 
consequence tha t   the  maximum l i f t  obtained was  somewhat lower than  the 
maximum l i f t  dbtained for   the double s lot ted  f laps .  

Langley Aeronautical  Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field, Va., December 21, 1955. 
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TABLE 1 
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SPANVISE STATIONS 1 AND 2 

I 

Station 1; 
chord, 20.613 in. 

Station 

0 
.44 
.66 

1.11 
2.22 
4.44 
6.66 
8.89 
13.34 
17.80 
22.27 
26.75 
31.22 

40.20 
44.70 
49.20 

35 71 

60.30 
68.92 
a74.07 
80.87 
87.66 
94.45 
100.00 

Ordinate 

0 
.82 
99 

1.23 
1.67 

2.84 
3.26 
3.93 
4.45 
4.84 
5.12 
5 -30 
5.38 
5.34 
5.18 
4.87 
3.81 
2-77 
2.12 
1-59 
1.06 
.53 
.10 

2.32 

Station 2; 
chord, 15.771 Fn. 
Station 

0 
-45 
.68 
1.13 
2.27 
4.53 
6.80 
9.08 
13.62 
18.18 

31.87 

45.63 
50 23 
63.20 
70 9 51 
a74.52 
81.21 
87.89 
94.57 

22.74 
r1.30 

36.46 
41.04 

100.00 

Ordinate 

0 
.84 

1.01 
1.26 
1.71 
2-37 
2.90 
3.33 
4.01 
4.54 
4.95 
5-23 
5.42 
5.50 
5-45 
5.28 
4* 97 
3-92 
3.11 
2.60 
1.95 
1.29 
63 
.10 

a St ra ight   l ine   to   t ra i l ing  edge. 
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T 
Station 

0 
1.45 
2 -79 
5 -47 
8.08 

10.72 
15.96 
21.16 

52.16 
78 55 

31  -69 
42.10 

100.00 

- NACA RM ~ 5 6 ~ 1 0  

COORDINATES OF THE FLAP ENDS 

[ A l l  values in percent  flap chord I' 
Inboard ordinate 

rrpper 
surface 

-5 043 
-2 83 
-1.65 
0 
1.11 
2.10 
3.75 
4.75 
5.66 
4.93 
4.17 
2.09 

.38 

Lower 
surf ace 

5 -43 
6.81 
7.31 
7.46 
7.42 
7.39 
6.97 
6.58 
5.78 
4.94 
4.17 
2.09 

38 

T 
Station 

0 
1.88 
3 -42 
6.49 
9.62 

12.69 
18.74 
24.83 
36-93 
49.12 
53 09 
79.08 
100.00 

Outboard ordinate 

rrpper 
surf ace 

-6 .9 
-3.82 
-2.48 
-0 59 

.84 
2.03 
4.11 
5.40 
6.39 
5 -40 
5-06 
2.48 

-40 

Lower 
surf ace 

6.99 
8.62 
9.12 
9.27 
9-17 
9; 02 
8 3 8  
7.78 
6.59 
5 -35 
3-06 
2.48 

.40 
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TABU I11 

CONFIGURATIONS TESTED 

Flap arrangement 

Flap and 0.5Ocf vane: 
Double slotted . . . . . . 
Rear s l o t  blocked . . . . 
Forward s l o t  blocked . . . 
Slots blocked . . . . . . 
Double slotted  with  flap 

par t  moved forward . . . 
Double s lot ted with 

pivot moved forward 
and down . . . . . . . . 

Flap and 0 . 2 6 6 ~ ~  vane: 
Double s lot ted . . . . . . 
Rear s l o t  blocked . . . . 
Rear s l o t  blocked and 

lower l i p  off . . . . . 
Forward slot blocked . . . 
Slots blocked . . . . . . 

1- Figure 

Geometry Data 

5 
6 
7 
8 

9 

9 

10 
11 

11 
12 
13 

T 
Deflections  tested, deg 

45.7 t o  80.4 
50.7 t o  80.4 
40.7 t o  80.4 
40.7 t o  75.6 

70.2 and 81.9 
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.735c. h e ,  
why cut out "\ 

I 

NACA RM ~ 5 6 ~ 1 0  

33.00 - -  
or-/q/n o f  axes 

Figure 1.- Geometric characteristics of the model. A l l  dimensions 
in Inches except as noted. 

axe 



NACA RM ~ 5 6 ~ 1 0  15 

Retracted 

lnboard 

Outboard 

fnboard 

Ou tboard 

(a)  Flap and 0 .5O0cf vane. 

Figure 2. - Sections of double-slotted  flaps  in  planes of f l ap  ends. Dimen- 
sions  given i n  inches  except where noted. 
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Re iracied 

Inboard 

- 4.98 

Outboard 

Deflected 

Inboard 

Ou iboard 

b 2 . 5 1  - 

I 

(b)  Flap and 0 . 2 6 6 ~ ~  vane. 

Figure 2 .~- Concluded. 



NACA RM ~ 5 6 ~ 1 0  - 
b) Pivo t  moved forward 

and down. 

Figure 3.- Alterations to basic  flap and 0 . 5 0 0 ~ ~  vane configuration, 

- .  
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(b) Rear slot blocked. \ \  . " . 

\\ 

fc) Forward  slot blocked. \ \  

Figure 4.- Flaps with one or both slots blocked  and faired.  
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28 

d 20 

4 

0 

-4 

-8 
-4 :2 0 .2 I .6 .8 LO l2 l4 

L if f  coefficient, C' 

.8 

.7 

.6 

.5 

.4 

.3 

.2 

./ 

0 

Figure 5.- Effect of deflection of t he   f l ap  on the  aerodynamic character- 
i s t i c s  of the wing in   p i tch .  0.300cf vane; double s lot ted.  
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32 

28 

P 
4 

0 

-4 

-8 

.7 

./ 

0 

-4 :2 0 .2 4 .6 .8 10 62 64 
Lif t  coefficient I C, 

Figure 6.- Effect of deflection of t he   f l ap  on the  aerodynamic character- 
i s t i c s  of the wing i n   p i t c h .   0 . 5 0 0 ~ ~  vane; rear s lo t  blocked. 
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f 

h 
% 

?? 
cl 

cl 
‘c, 
r, 

./ 

0 

:/ 

12 

73 

32 

28 

,24 

20 

/6 

I2 

8 

4 

0 

-4 

-8 
-4 2 0 .2 9 .6 .8 l0 L 2  L4 

Lift coefficient, CL 

.8 

.7 

Ql 

.2 Q 
e 

.I 

0 

Figure 7.- Effect of deflection of the flap on the  aerodynamic character- 
i s t i c s  of the w i n g  in   pi tch.  O.’jOOc, vane; forward s lo t  blocked. 
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32 

28 

0 

-4 

-8 

NACA RM LSAlO 

-8 

.7 

.6 

-4 -2 0 .2 I .6 .8 LO LZ L4 
L i f t  coefficient I C' 

Figure 8.- Effect of deflection of t he   f l ap  on the  aerodynamic character- 
i s t i c s  of the  wing in  pitch.  0 . 3 0 0 ~ ~  vane; s l o t s  blocked. 
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32 

28 

0 

-4 

.8 

.7 

./ 

0 

-4. -2 0 .2 4 .6 .8 l0 LZ L 4  
Liff coefficienf I C, 

Figure 9. - Effect of location and deflection of t he   f l ap  on the  aerody- 
namic character is t ics  of the wing in   p i tch .  0.500cf vane; double 
slokted. 
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-4 

-8 

NACA RM ~ 5 6 ~ 1 0  

.8 

.7 

.6 
i 

'. 3 
2 

.2 Q 

./ 

0 

-4 -2 0 .2 4 .6 .8 10 /.2 L 4  
L if t coefficient, CL 

Figure 10.- Effect of deflection of t he   f l ap  on the  aerodynamic character- 
i s t i c s  of the  wing i n   p i t c h .   0 . 2 6 6 ~ ~  vane; double s lot ted.  
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h 

s 2 
F 
F -.3 
0 

I 

h -s 
-2 
4‘ 

28 

0 

-4 

-8 

.8 

.7 

x’ 

./ 

0 

-4 :2 0 .2 4 .6 .8 l0 L 2  A4 
Lif t  coefficient, CL 

Figure 11.- Effect of def lec t ion   of . the   f lap  on the aerodynamic character- 
i s t i c s  of the  wing i n   p i t c h .   0 . 2 6 6 ~ ~  vane; rear  slot blocked. 
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NACA RM ~ 5 6 ~ 1 0  

.8 

.7 

.6 

:5 

.4 

.3 

.2 

./ 

0 

-4 :Z 0 .2 4 .6 .8 10 LZ 14 
L i f t  coefficient, C' 

Figure 12.- Effect of deflection of t he   f l ap  on t h e  aerodynamic character- 
i s t i c s  of t he  wing i n  p i t c h .   0 . 2 6 6 ~ ~  vane; forward slot blocked. 
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4 

32 

28 

4 

0 

-4 

.8 

.7 

.6 

.5 

.4 

.3 

.2 

./ 

0 

P, 

c, 
0 

-8 
-4 :2 0 .2 4 .6 .8 10 LZ A4 

i ift coefficient, C, 

Figure 13.- Effect of deflection of t he   f l ap  on the  aerodynamic character- 
i s t i c s  of t he  wing i n  pitch. 0 . 2 6 6 ~ ~  vane; - s l o t s  blocked. 
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o Double s/of fed 
a Rear d o  f b/ocked 
0 forword s/of &locked 
A S/ofs  blocked 

.8 

.6 

.8 

.6 

.4 

.2 

.2 

0 

Figure 14.- Variation of lift increment  with flap  deflection.  Flap 
and 0.500cf vane. - 
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.8 

.8 

.6 

(4 

.8 

.6 

4 

.2 

0 

o Normal flap ond  vane  locafion 
c1 Flap moved forward 0.062 c f ~  
A F/ap ond vane  moved forward 

0.024cfL and down 0.0/2 cf A 

.6 2 

.4 0 

0 20 40 60 80 100 
Jf ,  deg 

Figure 15. - Effect of change i n   f l a p  geometry on the variation of lift 
increment  with flap  deflection. Double s lot ted  f lap;  0.500cf vane. 
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o Double slotted 
n Rear slot blocked 
0 Forward slot blocked 
A Slots blocked 
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-6 

4 
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~ 

NACA RM ~ 5 6 ~ 1 0  

.4 0 

.2 

0 
0 20 40 60 80 /oo 

&I deg 

Figure 16.- Variation of l i f t  increment  with flap  deflection.  Flap 
and 0 . 2 6 6 ~ ~  vane. 
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.8 

.6 

0 

.8 

.6 

.4 

.2 

0 

0 f /ap and 0.500 cf wane 
0 f / o p  and 0.266cf  wune 

0 40 60 80 100 
Sf ,deg 

Figure 17.- Effect of vane s ize  on the var ia t ion of lift increment with 
flap  deflection. Double s lo t ted   f laps .  

NACA - Langley Field, Va. 




